ABSTRACT The bronchial response to inhaled histamine has been suggested as an epidemiological tool for assessing the prevalence of asthma, though the exact relationship between reactivity and asthma is unknown. Tests of bronchial reactivity to histamine were carried out in 511 subjects aged 18-64 years, randomly selected from the population in two areas of the South of England, who had returned questionnaires on respiratory symptoms. Bronchial reactivity to < 8 pmol histamine was present in 14% and was associated with positive skin test responses to common allergens and with smoking history. Both of these relationships were in turn dependent on age, skin sensitivity being the more important determinant of reactivity in the young and smoking the more important in older subjects. Bronchial reactivity was least prevalent in the 35-44 year age group. No independent effect on reactivity of sex, social class, or area of residence was detected, and no significant effect from recent respiratory tract infections. Interpretation of the bronchial response to histamine in selected groups of subjects must take account of age, atopic state, and smoking history.
Measurement of the prevalence of asthma is of considerable importance both to those concerned with the aetiology of the condition and to those assessing the effectiveness of the health services in managing it. The Ciba symposium on the identification of asthma concluded that there was no satisfactory method for its identification.' Difficulties in standardising and validating questionnaires for the detection of asthma have led to the suggestion that physiological tests, and particularly non-specific bronchial challenge tests, might provide a more objective method of assessing asthma prevalence in epidemiological studies. 2 Although some support for this may be derived from the American Thoracic Society's definition of asthma as "a disease characterised by an increased responsiveness of the trachea and bronchi to various stimuli...,"3 there is evidence that reactivity is increased in conditions other than asthma-in particular in chronic bronchitis,4 " in cigarette smokers,6 and after recent upper respiratory tract infections in individuals not considered to be asthmatic.7 While this suggests a lack of specificity for asthma, these conclusions are based for the most part on studies of small, highly selected groups of patients attending hospitals and clinics, and the results have been inconsistent.8 9 Knowledge of the distribution of bronchial reactivity in the general population is required so that the overall contribution of the different risk factors can be assessed. Three such surveys of adults have been published. Two'0 " used subjects with a restricted age range, in whom the confounding effects of age could not be fully assessed, the other'2 was a survey of Boston parents in which a cold air challenge was used, the response to which is likely to be distributed differently from that to histamine and methacholine. 13 14 This paper describes the distribution of bronchial reactivity to histamine in a randomly selected sample of adults living in two districts of England. The data were collected during a study of the relationship of symptoms to bronchial reactivity. The need to assess this relationship influenced the design of the study, but results of that part of the study will not be discussed further in this paper. Values below 0-03 pmol (or 0-06 if this was the first dose) and above 8 jmol are described as "censored," indicating that there is no exact estimate of the PD20 but knowledge only of whether it is above or below the "censoring" limit. SKIN 
TESTS
The weal diameters from skin prick tests for cat fur, mixed grass pollen, and Dermatophagoides pteronyssinus, with saline and histamine controls (Bencard, Brentford, England), were measured after 10 minutes as the mean of two transverse diameters taken at 900 to each other, one of which was the maximum measurable weal diameter. Atopic state was assessed on the basis of the mean response to the three allergens.
STATISTICAL METHODS
Subjects were categorised as "reactors" if they had a PD20 of 8 imol histamine or less. The proportion of the population who were reactors was first regressed against several independent variables in a multiple logistic regression, the program used being GLIM.'8 Secondly, PD20 was regressed against the same independent variables by the maximum likelihood method of Wolynetz.'9 This method estimates the association of mean PD20 with the independent variables by combining data on the proportion of reactors with the values of the PD20 where these are known.
CONDUCT OF THE SURVEY
The survey was carried out in February and the reactivity tests were performed from March to early April 1984, before the grass pollen season began. Permission for the study was granted by the ethical committees of Southampton, Basingstoke, and West Dorset, and the project was discussed with and agreed to by the local general practitioners. All subjects had the challenge test and likely side effects explained to them and gave written consent before participating.
Results
The overall response to the questionnaire in the population estimated from the electoral roll, with adjustments for those known to have moved or died, for those known not to have been registered, and for the proportion of the population over the age of 64 at the 1981 census, was 61%. It varied from 68% in one village to 51% in the market town. We are unable to comment further on the characteristics of the nonrespondents. Of the 873 randomly selected subjects, 522 (60%) came for a histamine challenge test. In a multiple logistic regression, response was significantly (p < 0 05) and independently associated with age, smoking, area of residence, and sex, but not with symptoms, diagnosis, or social class. Response was lower in men (53%), in smokers (53%), in those under 25 (47%) or over 54 years (53%), and in Dorset (55%).
A histamine challenge test was not performed on seven subjects whose FEV, was less than 60% predicted or in four who were unable to perform a satisfactory forced expiratory manoeuvre. A satisfactory 40 Burney, Britton, Chinn, Tattersfield, Papacosta, Kelson, Anderson, Corfield (14) 18/124 (15) 14/141 (10) 14/107 (13) 19/80 (24) 73/511 (14) PD20-the dose of histamine that provoked a 20% fall in FEV1.
histamine challenge test was carried out on 511 sub- 2) . It was also, however, associated with an appreciable decline in reactivity among those with the strongest skin reactions (fig 3) . The rise in prevalence with age in the older subjects was predominantly among cigarette smokers (fig 1) , and occurred despite a continuing fall in the prevalence of positive skin test responses.
Mean skin weal diameter (mm) Descriptive epidemiology of bronchial reactivity in an adult population: results from a community study Mean skin weal diameter declined significantly with increasing age, from 1 59mm in the 18-24 year age group to 0 89 mm in the 55-64 year age group. The difference in mean skin weal response between histamine reactors and non-reactors also declined with age (fig 2) . There was no relationship between mean skin weal response and smoking history, even after we had controlled for the effect of age, nor was there a relationship between age and the cutaneous response to histamine.
Multiple logistic regression (table 2) Table 3 shows the maximum likelihood estimates of the regression coefficients when PD20 was regressed against the same independent variables after information on the proportion of reactive subjects and values of PD20 had been combined. This shows significant relationships between PD20 and age (PD20-seefig I-< 8umol) according to age among (I)-non-smoking, non-atopic subjects ( ); (2) non-smoking subjects with 4 mm mean skin weal diameters (....); (3) non-atopic smokers ( ----); and (4) current smokers with 4 mm mean skin weal diameter 20 Two observations confirm that the relationships reported here are comparatively insensitive to differences in the characteristics of the sample. In addition to the 511 randomly selected subjects who had their bronchial reactivity tested, a further 322 subjects were tested because they claimed to have had wheezing or whistling in the chest at any time in the previous 12 months. If the 322 additional subjects are added to the 511 subjects selected at random, the coefficients of the logistic regression remain almost unchanged from those shown in table 2. Secondly, although the distribution of risk factors was different in the two areas, the logistic regression quoted here applies to each area independently and there is no significant difference between the areas in the relationship between reactivity and the independent variables.
RELATIONSHIP BETWEEN BRONCHIAL REACTIVITY AND CIGARETTE SMOKING
There was a strong association between current cigarette smoking and bronchial reactivity in our population above the age of 40 years. This is consistent with other studies,6 21 at least where older age groups have been included. Patients with chronic bronchitis have usually also been shown to have greater reactivity than the normal population.45 12 14 Our community study has, however, emphasised the age dependent nature of this relationship.
RELATIONSHIP BETWEEN BRONCHIAL REACTIVITY AND ALLERGY
Our sample showed a strong relationship between the mean skin weal response to three common allergens and bronchial reactivity to histamine. This relationship was negatively associated with age, skin sensitivity being more strongly associated with bronchial reactivity in the young. The relationship between atopy and non-specific bronchial reactivity is again in agreement with the findings of most other 43 Descriptive epidemiology of bronchial reactivity in an adult population: results from a community study studies, " though some have failed to show such a relationship.22 23 Our data show that the relationship is strongly dependent on age. Not only does skin sensitivity decrease with age but the association of skin sensitivity with reactivity weakens with age.
Whether the atopic state of the individual is causally related to the bronchial response to histamine is less clear. It has been suggested that bronchial reactivity and atopy may be separately inherited characteristics,24 and that the response to inhaled histamine and the skin sensitivity to allergen may be related independently to the bronchial response to inhaled allergen. 25 Our results support the view that atopic state and response to non-specific stimuli are not wholly independent. A causal association is also supported by the increase in non-specific bronchial reactivity that has been reported after inhalation of allergen26 and by the suggestion that protection from allergen exposure will lead to a decrease in bronchial sensitivity to non-specific stimuli.27
There was no association between smoking history and skin sensitivity to allergens. Others have reported evidence of increased atopy among smokers, though this evidence is inconsistent. In general serum IgE concentrations have been raised in smokers,28 29 but the prevalence of skin sensitivity to common allergens has not been different from that in non-smokers. 2930 We have no information on IgE concentrations in our population but we could not find a relationship between smoking and skin sensitivity, even after we had allowed for the effects of age.
OTHER VARIABLES
Increased bronchial reactivity has been reported in normal subjects with symptomatic upper respiratory tract infections7 and in selected subjects prone to "infectious asthma," where it has been estimated that up to 55% of upper respiratory tract infections may be associated with clinical attacks of asthma.31 The increase in the proportion of reactors among those subjects who had had a recent upper respiratory tract infection in our study was not significant, but previous results make it likely that the small difference reported here is real.
Because cigarette smoke causes acute though transient bronchoconstriction32 subjects were asked not to smoke for two hours before the test.33 Thirty five (7%) failed to comply and, although they did not show significantly increased reactivity, the number was too small to draw general conclusions about the effect of recent smoking on reactivity. Medication is unlikely to have had an appreciable effect on our overall results since only six of 511 subjects had used a bronchodilator in the 24 hours before histamine challenge, and in five of these the PD20 was 8 jmol of histamine or less.
CONCLUSION
This study has shown bronchial reactivity to a low dose of histamine (8ymol) in 14% of a randomly selected population aged 18-64 years from two areas of the south of England. Atopy was most commonly associated with increased reactivity but this association declined with age. Smoking was the second most important association and this increased with age, being the more important factor in subjects over 45 years old.
If bronchial reactivity is to be taken as the defining characteristic of asthma, as some authors have come close to suggesting in the past, it should follow that cigarette smoking is commonly associated with this condition, a conclusion that would probably not find general acceptance in Britain and the United States. In Europe, where a clear distinction between asthma and chronic bronchitis has been more widely questioned, an association between hyperreactivity, CARA (Chronische Aspecificke Respiratoire Aandoeningen), and smoking would seem less controversial.
How far the increased reactivity seen in young atopic subjects should be identified with that seen in older smokers will not be clear until more is known of the basic mechanisms of bronchial reactivity. It is important meanwhile that further studies of the distribution of bronchial reactivity in the adult community should take account not only of the atopic state but also of the smoking history and, in particular, the age of the subjects studied. 
